Abstract: Cellular automaton model has become an excellent tool for simulating real traffic flow, because of its efficient and fast performance in computer simulations. In this paper we investigate the two-lane cellular automaton traffic model considering lane-changing behavior under the Keep-Right-Except-To-Pass Rule based on a improved NaSch model. With the help of simulation results, we compare the traffic flow and the average velocities of the vehicles under the Keep-Right-Except-To-Pass Rule and under the no-pass rule or free-pass rule.
Introduction
In the recent years cellular automaton model had become an excellent tool for simulating real traffic flow, because of its efficiency in computer simulations. In 1992, Nagel and Schreckenberg proposed the well-known Nagel-Schareckenberg (NaSch) model [1] . Although it is a discrete model and very simple, the NaSch model can reproduce some real-traffic phenomena. Later, several extensions of the NaSch model were proposed, including single-lane models [2] [3] [4] [5] [6] [7] and mutli-lane models [8] [9] [10] [11] [12] .
In this paper we investigate the two-lane cellular automaton traffic model considering aggressive lane-changing behavior under the Keep-Right-Except-To-Pass Rule. Multi-lane freeways often employ a rule that requires drivers to drive in the right-most lane unless they are passing another vehicle, in which case they move one lane to the left, pass, and return to their former travel lane. The "aggressive" means drivers change lanes at once when the situations of speed and space guarantee them to pass the slower leading vehicle.
With the help of simulation results, we compare the traffic flow and the average velocities of the vehicles under the Keep-Right-Except-To-Pass Rule and the follow(no-pass) rule or free-pass rule. The free-pass rule is that when the drives are passing another vehicle, they won't return to their former travel lane. The simulations are based on the improved NaSch model. In order to simulate real-traffic, we lead into a slow-vehicle hypothesis: there are some vehicles with probability p s which maximum velocity is less than that of other vehicles. The hypothesis greatly reduces the average velocities of the vehicles, especially in light traffic and under no-pass rule. It will show the performance of the Keep-Right-Except -To-Pass Rule.
Model

Model Assumptions
We list the following assumptions throughout this paper: 
. Open boundary condition (cf. [2] )} Under this question we expanded the width of the left boundary from one single cell to a minisystem of width 1 max + v . This is done to provide a proper insertion strategy allowing us to investigate the whole spectrum of possible system states. The allocation of the mini system (left boundary) has to be updated every time step before the vehicles of the complete system. The update procedure consist of two steps. If one cell of the mini system is occupied, it has to be emptied first.
Then a vehicle with initial velocity max v is inserted with probability in q . Its position has to satisfy the following conditions: (i) The headway to the first car in main system is at least equal to the maximum velocity max v , and (ii)the distance to the main system has to be minimal, i.e., if no vehicle is present in the main system within the first max v cells, the first cell of the boundary is occupied.
Under the open boundary conditions, the generation of vehicles are subject to Poisson distribution, we mainly simulate the discrete state of models, namely, various traffic characteristics when traffic density does not reach the critical value. Because of the number of vehicles lane is constantly changing, to characterize the dependency of the traffic flow on density, the quantity ρ ,V, J is defined as follows:
Clearly, V is the mean velocity obtained by averaging over all cars of the system. According to the actual traffic conditions, we assume that the number of vehicles are subject to Poisson distribution on the driveway entrance in unit time, in which we only consider the vehicles on certain probability. The generation of vehicle are subject to Bernoulli distribution [2] . The time of generation of vehicle is at least t.
Periodic Boundary Condition
In this case we present results from system with periodic boundary conditions (thus simulating time steps, where we take t 0 =30000. The line represents averages over 10000 time steps. To eliminate the random influence, we take twenty samples as the ensemble average.
Light traffic
Assume that the density 2 . 0 < ρ . In this case we carry out the simulations of the basic model and the improved model under Open boundary conditions. The vehicle insertion can be seen as sequence of Bernoulli trials [2] , i.e., an insertion of a vehicle corresponds to a "success" S (probability in q while a non-occupation corresponds to a "failure" F (probability
).
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Comparing the two average velocity curves in following Figure 1 and Figure Below we investigate the lane-changing under the free-pass rule: when the drives are passing another vehicle, they would not return to their former travel lane. In the Figure 3 , The upper curves in the figures denote the the average velocities under Keep-Right-Except-To-Pass Rule and the lower curves denote the average velocities under the free-pass rule. We conclude that Keep-Right-Except-To-Pass Rule is better than free-pass rule and no-pass rule on raising the traffic flow and the velocities of the vehicles, and free-pass rule is better that no-pass rule.
Heavy traffic
In this case we assume that ]
. For a larger ρ , the average velocities of vehicles will be slower. The influences of slow-vehicle hypothesis become weakly. So we cancel the 
Conclusion
In this paper, we have investigated the aggressive lane-changing behavior under Keep-Right -Except-To-Pass Rule based on a improved cellular automaton model. The simulations announce that the average velocities and the traffic flow under Keep-Right-Except-To-Pass Rule are clearly larger than these quantities under the no-pass rule or the free-pass rule.
